A membrane-mediated catalytic event in prothrombin activation.
Prothrombinase assembly takes place on the surface of unsaturated phosphatidylcholine (PC), phosphatidylserine (PS) membranes in the presence of Ca2+, through the rapid association of membrane-bound factor Va and factor Xa. The present study uses saturated PCPS (75:25, w/w) vesicles to study prothrombinase assembly and catalytic properties in order to differentiate the influences of the membrane upon catalyst assembly, substrate delivery, and peptide bond cleavage. In contrast to studies using unsaturated phospholipid, prothrombin activation studies using saturated PCPS (75:25, w/w) (C14:0, C16:0, and C18:0) revealed up to a 20-fold decrease in prothrombinase activity. C18:0 membranes support at least 50% of the prothrombinase binding capacity (KdVa-Xa = 1 nM and nVa-Xa = 1.1) of C18:1 PCPS (75:25, w/w). Thus, the 95% loss in activity cannot be explained by gross alterations in catalyst concentration or assembly. Stopped-flow studies with saturated lipids demonstrate that factor Va, factor Xa, and prothrombin have decreased kon values. Compensatory changes in koff leave the Kd values for these protein-lipid interactions almost unchanged relative to unsaturated PCPS. The profoundly decreased activation rate on saturated phospholipid membranes as compared to unsaturated phospholipids is in part due to slowed substrate/enzyme delivery caused by the saturated lipids. However, studies using prethrombin-1 and C18:0 PCPS (75:25, w/w) also revealed a 15-fold decrease in activity for preassembled prothrombinase. Although there was a slight change in Km (+2-fold), the major cause of the decrease is an 18-fold decrease in kcat. Similar differences for Km and kcat values were obtained for prothrombin. Substrate delivery is thus only partially responsible for the diminished prothrombinase activity observed with saturated phospholipids. Since the activity of prothrombinase is decreased for both prothrombin and prethrombin-1 principally by reducing kcat, it appears that catalyst formation on saturated phospholipids somehow compromises the proteolytic activity of the enzyme complex. This implies that the phospholipid bilayer serves not merely as a surface for condensing the proteins but also as a functional element of the prothrombinase enzyme.